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ABSTRACT

This report discusses the design and construction
of a transistorized amplitude compression amplifier and
gives one application of this circuitry in the form of a
Multichannel Distribution Amplifier,

iii



CONTENTS

ABSTRACT 08w o os L em e m LTI L P YR Y P Y Y PP P Y P Y Y PR LY Py

INTRODUCTION wwccuencccncsnccmncnmnocsnannaansnnnnancuccnnenaennee
COMPRESSION AMPLIFIER =--eesccacecsessssaaasmsssssnescenasseans
Simplified Circuit Analysis =-e-eeesecccemssccsccccnnancancns
Detailed Circuit Analysis e-emceacscscencrcnscccccccnrecnon.
CIRCUIT DESIGN meueemassmessssesasesssneesnennmmmmsnnnnmsmmsanne
Design Factors ====- Sy oy S
Design Procedure -;----------------------------I---.--...-----
CONSTRUCTION.--------------------...------....----;-.-. ..... —————
TEST RESULTS =ccecomcmcucamanmmeucacrararnansscncenasccacnmmenecnn
 MULTICHANNEL DISTRIBUTION AMPLIFIER =-mes-mmscmsaccssce-n- -
Purpose =e===- memmmcasana mememeemmmeesmemeesecameaan= memam—
Technical Characteristics ==smesmmeemmmssssasceseoss-ess----
Circuit Operation -escucrecccauccnceen cmmsamccencnmaeas—n———

BIBLIOGRAPHY L L L L L L L L LI L LI DL L LR L LY LT LR LX)

10

13

13

19

19

19

21

22



INTRODUCTION

This report discusses the design and gonstruction of a transistorized ‘
amplitude compression amplifier and gives one application of this
circuitry in the form of a Multichannel Distribution Amplifier.

The automatic gain control circuit is capable of maintaining a constant
output level over a wide range of input levels, providing a high degree
of stability despite component, voltage or temperature variations. By
incorporating the variable impedance properties of diodes, or diode
connected tramsistors, as one element of a variable "L" pad, and control-
ling this impedance by a servo-type clased loop feedback network, the
system is apparently immune to both parameter variatioms and power
supply fluctuations.

COMPRESSION AMPLIFIER

SIMPLIFIED CIRCUIT ANALYSIS

The block diagram (Figure 1 ) shows a simplified representation of the
main section for the A€ Amplifier and the AGC circuit. The AC Amplifier
has a fixed gain determined by the range of input voltages to be controlled.
The output of this amplifier is fed back to a peak rvectifier circuit
comprised of a transistor and diode. This voltage is then amplififed in

the DC amplifier stage which suppl#es the current to the variable impedance
Z1. This impedance is usually comprised of one or more diodes in series,
parallel, or bridge connection to give the desired dynamic impedance range
when in the forward biased direction. The imput signal is therefore
attenuated by the varigble "L" pad consisting of fixed resistor R1l and
variable Z1. The operation of this pad is such that the voltage at

point A is kept constant over the control range of the diodes.

A low-level input signal, at the low end of the control range of the
diodes, will be amplified by the AC amplifier #hd arrive at the output
at a predetermined level set by the gain of the amplifier. This output
is then fed back through the mectifier and DC amplifier, but due to its
low-level, delivers very little current to Zl. This results in a high
diode impedance and no attenuation 6f the input signal.

If a high-level input at the maximum control level of the AGC system is
applied, the fixed gain amplifier delivers a mach higher ocutput. This
signal is again fed back around the loop and.results in a large current
in Z1, lowering its dynamit impedance. This results in considerable

. H
i
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attenuation of the input signal which, with proper adjustment of the
YL" pad, now produces the same output level as the low-level signal.

The time it takes the servo loop to operate and pull down the level at
point "A" is referred to as the "attack time" of the AGC circuit. For
this type of circuit configuration, the "attack time" is less than 2
nilliseconds.

Resistor R1 determines the output level at which the circuit operates
and R2 regulates the minimum and maximum inputs at which regulation is
obtained. These two values, plus the gain of the DC amplifier, are the
main determining factors in obtaining the proper operating range and
level for the AGC amplifier.

DETAILED CIRCUIT ANALYSIS

The variation in output level encountered for a given change in input
level is known as the "stiffness ratio" of an AGC circuit and is indi-
cated mathematically as:

B, (1)
dP

i

where P; and P, are input and output power, respectively, in db,
If the DC and AC amplifier gains are assumed to be constant, the simple
block diagram of Figure 2 may be drawn, from which a mathematical

analysis of the circuit can be made, From the diagram of the relation-
ship between input power, output power and attenuation is found to be:

P = P, - X (2)

Also, since the diodes are current-controlled devices, the following
must be true:

I = £, (B) (3)
and the attenuation is a function of the curremt through the diodes:

x = £, (D) %)



By differentiation apd combination of the preceding equations, it
follows that:

o1) () & . (5)

0 L 5‘ 20 l
IR Ly R 0

from equation (2) supra:

-E%E— = = 1 (a constant) (6)
A .
therefore: ‘ .
!
OF B§ = constant (1)
o)

which is the basic design equation for the circuit. The slope of the
bias current vebsus putput power curve is:

oI .
oF

while -0

X
Tor

~is the slope of attenﬁation versus bias current.

CIRCUIT DESIGN

t

DESIGN FACTORS .
1f the following step-by-step design procedure is followed, the develop~
ment of a highly stable AGC circuit becomes quite simple and straight-
forwaxrd.

AC Amplifiex

Design the AC amplifier to have a gain equal to the maximum desired
output minus the lowest input level anticipated, plus about five db

i
i

\

%



as a safety margins “df two or more stages are used, loop feedback
should be added to the amplifier. The design of common-emitter ampli-
fiers is covered sufficiently in other literature and will not be
discussed here. .

Feedback Loop

The design of the feedback loop starting with the rectifier circuit is
as follows. The complexity of design is largely determined by the
stability of the battery voltage. As would be expected, the output
level of the rectifier varies considerably with fluctuations in
battery voltage. If this is a problem, the supply should be regulated
by the use of a Zener diode. Any convenient rectifier design can be
used, as filtering is mot too critical. Figure 3 shows a peak recti-
fier circuit employing a transistor, diodes and capacitor.

Before the design of the DU amplifier can be undertaken the type of
variable impedance must be determined. The DC amplifier is strictly

a linear device; that is the output current is a linear function of the
input. 1In order to achieve rapid AGC actiom, it is necessary to have a
nonlinear resistance as the variable element. Diodes or diode-connected
transistors are therefore the obvious inexpensive solutioms. Once thg
diode type and configurations have been decided upon, the minimum and
maximum currents required can be ascertained and these then determine
the specifications for the amplifier.

Diode Seclection

In order for the designer to make a wise selection of the type of net-
work to employ, pertinent diode characteristics are reviewed.

It is necessary to find a diode with a sufficiently wide dynamic
impedance in the forward direction. "Figure 4 is a plot of bias current
versus forward impedance for a diode-connected 2N219 transistor. Sili-
con diodes act as linear-to-logarithmic variation in dynamic impedance
for a linear input current change. The ideal relationship for the
conversion is given by:

A = eCB (8)

where A and B are variables and C is a constant. The current-voltage
relationship for a diode is given by:

1 =1 eqv/k';,. (9)

S
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neglecting the IR drop of the diode. At room temperature, q/kt is a
constant. Also, the normal voltage across the diode is shown by:

Jat/kt/l ’ (10)

which means that Equation 9 reduces to

- cV
I = I.. ()

where I, (the saturation current) and C are constants. This equation
ig now 1n the form of Equation 8. Figure 5 is8 the V-I curve for the
diode~connected 2KZ19 transistors over the range where Equation il is
valid., The linear-to-logarithmié comversion is seen to be about 0.1
v/decads.

“LII P‘d

Givem ths maximum input level to be controlled, the "L" pad must be so
designed that it will attenuate this signal to a level equal to the
minimum input plus another five db (due to the extra gein in the AC
amplifier). Select some value of Rl, usually in the range of 1000 to
5000 ohms., Then calculate the valus of Z1 needed to give the required
attenuation at the "L" pad terminal; this gives the minimum value of
Z1 required. Having determined the end values of Z1 required, the
necessary diode currents are readily obtained from vhe bias current
versus forward 1mp¢d¢nc‘ curve.

DC Amplifier

Once the range of diode currents is determined, a DC amplifier can be
degigned to supply these values based on the voltages available from
the rectifier. Generally, a single transistor is sufficient but more
can be used if needed. Difficulty is usually encountered in coantrol-
ling the collector current when operation is required over a wide
temperature range, The use of low I, _ transistors is recommended.. By
placing a forward-biased silicon dioﬁ. in the emitter, the opsrating
point can be more stable. '

Complete Circuit

The various blocks of the circuit disgram can now be connected as”
shown in Figure 1 . It is generally necessary to put ar emitter-
followet stege between the "L" pad and tHe AC amplifier. This isclates
the two-circuits from.mutual loading effects due to impedance varia-
tions. It 1s also qdvtnnbl. to make Rl 4nd R2 varisble at first so that
minor adjustments can be made in operating points.
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Design Example

Assume that it is required to design an AGC amplifier to give a 0 dbm
output level +1.5 db for an input variation of -30 to +30 dbm. Tran--
sistor beta variation is 20 to 200 over the temperature rvange of 30
degrees to 130 degrees F. The battery voltage available is +6,0 V
but can go as high as +8.0 V and as low as +4.0 V.

DESIGN FROCEDURE

To provide for output level variations due to the environmental conditions
described above, the AGC circuit was designed with an allowable variation
in output of 1 db for a 60 db swing in input. This means that the stiff=
ness ratio required is:

dEB % ! (12)

60

Step l: First, it is necessary to design an AC amplifier of about 35 db
gain. The amplifier consists of common emitter configuration containing
emitter degendration with the DC operating point stabilized by base
iasing resistors. Figure 6 shows the completed amplifier. Transistors
Ql is -he AC dmplifier., Q9 is also an AC amplifier with variable gain
80 the output can be adjusted to the desired level. QlO serves as an
enittar-follower stage, providing a low impedance output suitable for
driving a power amplifier or line tramnformer.

Step 2: The rectifier circuit is the same as previously described and
shown in Figure 3. A Zener diode can be conpected from collector to
ground to guarantee regulation over all battery conditions.

Step 33 The next step ie the design of the "L" pad. The output level

at which the system must operate and the designed gain of the amplifiedr
are known. Since the input of the amplifier must remain at a fixed value
through the entire operating range, the attenuation requirements at both
extremes can be calculated.

From the equivalent circuit shown in Figure 7, the required "L' pad
needed to give 0 dbm output for a 0 dbm input signal can be calculated.

If & valua of 2700 obhms is selected for R2, VI must be 18 mv at the

input, This means that Z1 should be about 63 ohms, Referring to Figure 4
an AC impedance of 63 ohms is seen to require a very high DC current,
Therefore, two diodes are used im parallel. A careful check of Figure 6
will show that diodes CRL and CR2 are actually in parallel in an AC
equivalent circuit; therefore each diode should present an impedance of

10
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125 obms., From Figure 4 the required bias current is approxi-

mately 2 ma. ‘

Similarly, the value of Z1 required for an input of «30 db (24.5 mv) .
can be calculated. In this case, the output level can drop down to
+0.5 dbm (0.825 v). This gives & value of about 1200 ohms for Z1

or an individual diode impedance of 2400 ohms and a diode bias current
of 70 micro-amp. These two bias currents indicate the range of current
required from the DC amplifier.

Step 4: The DC amplifier is a single stage common emitter amplifier,
A special low I,, transistor of 2 micro-amp maximum at 25 degrees C
is used. A forward-biased silicon diode in the emitter further helps
stabilize operation over the temperature range. A large decoupling
capacitor is required in the circuit as shown in Figure 6 .

CONSTRUGTION

The entire unit was constructed using printed circuit techniques.
Figure 8 shows the printed circuit board in actual size. A typical
finished unit is illustrated in Figure 9 .

TEST RESULTS

Figure 10 shows a typical frequency response of the completed unit,
which is shown in Figure 6 . Figure 11 typically indicates the phase
shift in time versus frequency, and Figure 12 shows the total harmonic
distortion with various input levels. .

13



FIGURE 8 PRINTED CIRCUIT BOARD
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FIGURE 9 COMPLETED PRINTED CIRCUIT BOARD
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MULTICHANNEL DISIRIBUIION AMPLIFIER

PURPOSE

The transistorized multichanmel distribution amplifier is a voice
communhications amplifier having good output level stability, with
extreme variations in input audio levels, The amplifier will pass a
band of audio frequencies covering the range from 300 to 3500 cycles per
second, It was designed to accept audlo signals, with varying input
levels, for reproduction and distribution at a preset output level,

The amplifiler is designed for use at remote points, to redistribute

monitor sighals to additional subsribers. This reduces the number of
trunk cirvcults reflected back to the transmitting station,

TECHNICAL CHARACTERISTICS ~

Number of channels Twelve

Input levels «30 to +30 dbm ‘

Output level J dbm nominal, adjustable'frog
=5 to +5 dbm

Output stability &.5 dbm

Input impedance 600 chms

Output impedance 600 obhms

Audio frequency response 300 to 3300 cps

Distortion tess than 5%

Power requirements 110 VAC, 60 cps

Type of mounting standard 19 inch rack mount 5

inches high (excluding powsr supply)

The system is composed of twelve individual compression amplifier
circuits, and one "Master" circuit, BEach cireuit is constructed on a
plug~in type printed cirvcuit board,

The boards may be intersconmecied in any des’. . ~onflguration as shown

. 5. HE
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CIRCULT OPERATION

The input signal is applied to the primary of transformer Tl, Figure 6
and by normal transformer action, is coupled to the secondary where
it is tranmsferred through capacitor Cl to the variable "L" pad
consisting of resistor Rl and the impedance of transistors Q6 and

Q7 in parallel. Only the portion of the signal that is dropped across
Q6 and Q7 is applied to the base of QL through C2. R2 provides base
bias for Ql which is connected in an emitter follower configuratiom.
The input signal appears across R15, and ig coupled to the base of Q2
through C3, R3 and R14 form a voltage divider network which provides
bage bias for Q2, a common emitter amplifiet. The signal applied to
the base of Q2 is amplified by Q2 and coupled to Q3 by C4. RS provides
bress-pem Q5 witch” ts~an eni ttersfoklower,. Both- Qtand Q3 provide
isolation, thus preventing loading effects om Q2. The base signal of
Q3 appears across emitter resistor R12, where it is continuously
sampled through C10 and R1% and applied to the peak rectifier Q9.
Resistors R18 and R22 form a voltage divide network which provides
bias for Q9. The base signal is amplified by Q9. Crystal detector
CR2 rectifies the AC signal developed across collector load resistor”
R21. Resistor R17 and capacitor C9 form a filter network which elime
inates the ripple from the output of CR2. The input signal at the
base of Q8 is a DC voltage which is proportional to the signal
amplitude across R12., Transistor Q8 is a conventiomal DC amplifier
with CR1l in the emitter circuit to aid in stability. The collector
load for Q8 consists of Q6 and Q7, which are diode connected, in
series. The collector current of Q8 is used to forward bias Q6 and
Q7. As the forward current threough G8 and Q7, which are actually

in parallel in the AC equivalent circuit, form the variable arm of
the input WL" pad.

A low-level input signal will be amplified by the AC amplifier Q2,
and arrive across R12 at a predetermined level set by the gain of Q2,
This output is sampled and fed back through Q9 and Q8, but due to its
low-level, delivers very little current to Q6 amd Q7. This results
in a relative high impedance across Q6 and Q7, and little or no
attenuation of the input signal.

21
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